Abstract: Thermal gravitational waves can be generated in various sources such as, in the cores of stars, white dwarfs and neutron stars due to the fermion collisions in the dense degenerate Fermi gas [1] [2] [3] . Such high frequency thermal gravitational waves can also be produced during the collisions in a gamma ray burst [3] or during the final stages of the evaporation of primordial black holes [4] . Here we estimate the thermal gravitational waves from primordial black holes and estimate the integrated energy of the gravitational wave emission over the entire volume of the universe and over Hubble time. We also estimate the gravitational wave flux from gamma ray bursts and jets.
There is a lot of current interest in sources of gravitational waves and active ongoing projects to detect such radiation, such as the LIGO project. These are long wavelength, low frequency gravitational waves. No gravitational wave signals have been detected in analyses completed to date. Currently two of the LIGO detectors are being upgraded to increase their sensitivity in a program called Enhanced LIGO [5] . LISA would be sensitive to much longer wavelengths and lower fluxes.
However compact stellar objects can generate high frequency 10 16 
10
21 Hz ( ) thermal gravitational radiation, which in the case of hot neutron stars can be high. Also white dwarfs and main-sequence stars can generate such radiation from plasma-Coulomb collisions. Again gamma ray bursts and relativistic jets could also be sources of such radiation.
Terminal stages of evaporating black holes could also generate high frequency gravitational radiation. The earliest phases of the universe close to the Planck scale would also leave remnant thermal gravitational waves [3] .
Gravitational waves also provides a testing tool for various theories of gravity, i.e. general relativity and extended theories of gravity, and will be the definitive test for general relativity [6] .
THERMAL GRAVITATIONAL WAVES FROM PBHS
Primordial black holes (PBHs) are hypothetical type of black holes that is formed not by the gravitational collapse of a star but by the extreme densities of matter present during early universe [4] . As these PBHs evaporate through Hawking radiation, part of the energy could be released in the form of thermal gravitational waves. In the case of spontaneous graviton emission, the quadrupole gravitational power is given by [7] The power due to the gravitational waves can be written as [8] :
Where v is the typical velocity and t is the time scale, of the underlying explosive processes giving rise to the gravitational wave emission.
The term within the bracket in equation (2) corresponds to the power of the explosion, therefore we have:
The total energy released in the form of gravitational waves is then:
The number of quanta of gravitational waves is then given by [8] :
Where, E EXP = P EXP t is the energy of the explosion and t is the energy of each gravitational wave quanta.
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For the typical PBH of mass ~10 14 g , the energy of the explosion is:
Using this in equation (5) we get:
… (7) The frequency and the corresponding energy of the gravitational wave quanta are given by:
Therefore each quanta of gravitational waves has an energy of 10 4 ergs~100MeV ( ) with a frequency of
The total energy associated with the gravitational waves is then given as:
We see from equations (6) and (10) that 10% of the energy of PBH explosion is converted to high frequency gravitational waves, with a typical frequency of ~10
23 Hz corresponding to ~100MeV.
According to current estimates, the number density of PBHs in the universe could be ~1 kpc ( ) 3 [10] . Then the total energy associated with the gravitational waves from these PBHs over the entire volume of the universe of The integrated energy of the gravitational wave emission over the entire volume of the universe is given by: The energy associated with each of the thermal gravitational wave quanta is of the order of 100MeV 10 4 ergs .
Therefore the total flux of thermal gravitational wave quanta is:
If the number density of the PBH's is ~1 pc ( ) 3 , then the flux will be of the order of 10 11 / cm 2 / s
GRAVITATIONAL WAVES FROM GRBs
In the case of GRB, the energy released over a time scale of ~1second, is of the order of 10 52 ergs . This gives:
The energy of each of the gravitational wave quanta (at a frequency of ~1 Hz) is:
In the case of short duration GRBs of t 10 3 s , the number of gravitational wave quanta remains the same since the energy of the explosion is the same but the energy of each quanta (at a frequency of ~1 kHz) will be:
And the total energy associated with the gravitational waves is: 
GRAVITATIONAL WAVES FROM JETS
Objects as diverse as X-ray binaries, radio galaxies, quasars, and even the galactic centre, are powered by the gravitational energy released when surrounding gas is accreted by the black hole at their cores. Apart from copious radiation, one of the manifestations of this accretion energy release is the production of jets, collimated beams of matter that are expelled from the innermost regions of accretion discs.
The power associated with the jet is given by [11] :
Where B is the magnetic field associated with the jet over a range of R. In the case of jets produced by short lived energetic events like gamma ray bursts, the duration of the event t~1s and the gamma factor 100 .
For typical values ( B 10 8 G and R 10 10 cm ) we have the power associated with the jet as:
And the energy as:
The number of quanta of gravitational waves from the jet is given by equation (5) as (which is a basic relation, valid for a whole gamut of systems) [9] :
In the case of galactic jets, the field strength is much lower but it spans over a larger distance. Typically we have B 10
6 G and R 10 23 cm . And the typical time scale t~10 13 s and the gamma factor ~10.
The energy associated with the jet in this case becomes: The total energy associated with the gravitational waves is then given as: 
